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Objective. Gastric acid plays an important part in the prevention of bacterial colonization of the gastrointestinal tract. If these
bacteria have an ability of hydrogen (H2) fermentation, intraluminal H2 gas might be detected. We attempted to measure the
intraluminal H2 concentrations to determine the bacterial overgrowth in the gastrointestinal tract. Patients and methods. Studies
were performed in 647 consecutive patients undergoing upper endoscopy. At the time of endoscopic examination, we intubated
the stomach and the descending part of the duodenum without inﬂation by air, and 20mL of intraluminal gas samples of both
sites was collected through the biopsy channel. Intraluminal H2 concentrations were measured by gas chromatography. Results.
Intragastric and intraduodenal H2 gas was detected in 566 (87.5%) and 524 (81.0%) patients, respectively. The mean values
of intragastric and intraduodenal H2 gas were 8.5 ± 15.9a n d1 3 .2 ± 58.0ppm, respectively. The intraduodenal H2 level was
increased with the progression of atrophic gastritis, whereas the intragastric H2 level was the highest in patients without atrophic
gastritis. Conclusions. The intraduodenal hydrogen levels were increased with the progression of atrophic gastritis. It is likely that
the inﬂuence of hypochlorhydria on bacterial overgrowth in the proximal small intestine is more pronounced, compared to that
in the stomach.
Copyright © 2008 Yoshihisa Urita et al.ThisisanopenaccessarticledistributedundertheCreativeCommonsAttributionLicense,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1. INTRODUCTION
Breath hydrogen (H2) measurements are widely used to
detect carbohydrate malabsorption [1–7]. Because bacteria
represent the sole source of gut H2, fasting breath H2 gas has
been used as a marker of colonic fermentation [8, 9]. If the
fermentation occurs in the stomach, H2 gas should be pro-
duced and released into the gastric lumen. Gastric acid plays
an important part in the prevention of bacterial colonization
of the stomach and the small intestine [10, 11]. Reduction of
gastric acid secretion predisposes to infection with a variety
of organisms [12–14]. Intestinal bacterial overgrowth during
treatment with PPI was previously reported because of an
intragastric neutral pH [15–18]. Atrophic gastritis is the
most common cause of reduced gastric acid secretion and
Helicobacter pylori (H.pylori) seems to be the commonest
cause of atrophic gastritis [19–22]. Then we attempted to
collect endoscopically intraluminal gas from the stomach
and the duodenum and analyze the H2 concentration in
order to determine the bacterial overgrowth in the upper
digestive tract.
2. PATIENTS AND METHODS
2.1. Patients
Studies were performed in 647 consecutive patients under-
going upper endoscopy, 211 men and 436 women, 19 to 85
years old (mean 60.8 ± 12.9 years). Of the patients recruited
in this study, women are preponderant for one reason or2 Gastroenterology Research and Practice
Table 1: Intragastric and intraduodenal hydrogen levels in relation to endoscopic ﬁndings.
Gastric ulcer Duodenal ulcer Gastritis
Number of patients 51 24 569
Age 64.5 ±13.54 4 .8 ±10.76 1 .4 ±12.5
Male/female 34/17 18/6 156/413
Stomach (ppm) 6.1 ±8.96 .5 ±12.48 .7 ±16.5
P values v.s.∗ .13 .26 ∗
Duodenum(ppm) 22.2 ±70.55 .6 ±6.81 2 .8 ±58.1
P values v.s.∗∗ .12 ∗∗ .27
another. None of the patients had a history of use of PPI,
H2-receptor antagonist, antibiotics, steroids, or nonsteroidal
anti-inﬂammatory drugs for a period of at least six months
before the investigation. Twenty patients had a previous
Billroth- partial gastrectomy and were also excluded from
analysis.
Blood samples for measurements of IgG antibody to
H.pylori were taken prior to endoscopy. Serum samples
were also examined for H.pylori antibody by an enzyme-
linked immunosorbent assay (ELISA) using the EPI HM-
CAP IgG (Enteric Products, Inc., NY) assays. All assays were
performed in accordance with manufacturer’s instructions.
The calculated ELISA is read as positive if above 2.2.
2.2. Collectionofintraluminalgassamples
Endoscopy was performed after a topical anesthesia gargle
after a fasting period of more than 12 hours and without
previous exercise. The patients were also requested to brush
their teeth in the evening, but not in the morning of, the
study. All patients ate meals of their own choice in the
evening of the study. At the time of endoscopic examination,
weintubatedthestomachwithoutinﬂationbyair,and20mL
of intragastric gas was collected through the biopsy channel
using a 30mL syringe. The ﬁrst 5mL was discarded for
reduction of dead-space error. Once the pylorus is located,
the tip of the endoscope is advanced into the descending
portionoftheduodenum.Afterthat,20mLofintraduodenal
gas was collected again by the same way. Intragastric and
intraduodenal hydrogen concentrations were immediately
measured by gaschromatography using Breath Analyzer
TGA-2000 (TERAMECS Co., Ltd., Kyoto) and expressed in
parts per million (ppm). Linear accuracy response range was
2 to 150ppm. After collecting an intraduodenal gas sample,
the endoscopist inﬂated the stomach by air and observed the
gastric mucosa. Operators involved in the measurement of
breath samples were blinded for age, sex, and endoscopic
diagnosis.
2.3. Gradingofatrophicgastritis
In this study, atrophic gastritis was classiﬁed into four stages
by observing the location of the atrophic border in the
stomach [23]; closed type and open type (O-1, O-2, and O-
3). For closed type, the atrophic borderline is located at the
lesser curvature. In the stage O-1, the atrophic borderline
lies between the lesser curvature and the anterior wall of
the body. In the stage O-3, the atrophic region spreads
throughout the entire stomach. Stage O-2 is in-between O-1
and O-3. Stages O-1 to O-3 constitute the advanced stages of
atrophic gastritis.
2.4. Statisticalanalysis
Data of intragastric and intraduodenal hydrogen were pre-
sented as mean±SD (standard deviation). Comparisons of
groupsweremadeusingtheunpairedt-test.AP valueof<.05
was accepted as indicating statistical signiﬁcance.
3. RESULTS
Endoscopic ﬁndings included gastric ulcer (51 patients),
duodenal ulcer (24), gastric cancer (3), and gastritis (569).
All of patients with gastric ulcer, duodenal ulcer, and gastric
cancer had a positive result of H.pylori serology. Among 569
patients with gastritis, 389 were seropositive.
Over all, intragastric and intraduodenal hydrogen gases
were detected in 566 (87.5%) and 524 (81.0%), respectively.
The mean values of intragastric and intraduodenal hydrogen
g a sw e r e8 .5 ± 15.9 (0–219) and 13.2 ± 58.0 (0–828) ppm,
respectively.
Intragastric and intraduodenal H2 values and charac-
teristics of patients in relation to endoscopic diagnosis are
summarized in Table 1. The duodenal ulcer group showed
a signiﬁcantly younger mean age than the other groups.
The intragastric H2 level was the highest in gastritis group
followed by the duodenal ulcer group, and the gastric ulcer
group. The intraduodenal H2 level was the highest in the
gastric ulcer group among three groups.
Mean intragastric and intraduodenal H2 concentrations
at diﬀerent stages of atrophic gastritis are summarized in
Table 2. The mean levels of intragastric H2 gas in patients
with closed type, stages O-1, O-2, and O-3, were 10.5 ±
17.3ppm, 7.4 ± 10.2ppm, 8.0 ± 12.0ppm, and 7.5 ±
17.0ppm, respectively. The intragastric H2 level was the
highest in patients with gastric mucosa of closed type and
wassigniﬁcantlyhigherthaninthosewithO-3stageatrophic
gastritis (P = .031). In contrast, the intraduodenal H2 level
was the highest in patients with O-3 stage atrophic gastritis
among four groups. There was a progressive increase withYoshihisa Urita et al. 3
Table 2: Intragastric and intraduodenal hydrogen levels in relation to the grade of atrophic gastritis.
Closed type O-1 O-2 O-3
Number of patients 200 66 101 280
Age (mean ±SD) 55.3 ±13.95 8 .1 ±13.65 9 .1 ± 12.56 6 .1 ±9.8
Male/female 60/140 22/44 39/62 90/190
Stomach (ppm) 10.5 ±17.3∗ 7.4 ±10.28 .0 ±12.07 .5 ±17.0
P values v.s.∗∗ .085 .105 .031
Duodenum (ppm) 7.1 ±12.74 .4 ±8.28 .1 ±18.52 1 .5 ±86.1
P values v.s.∗∗ .009 .055 .061 ∗∗
the progression of atrophic gastritis. The mean levels of
intraduodenal H2 in patients with closed type, stages O-1,
O-2, and O-3, were 7.1 ± 12.7ppm, 4.4 ± 8.2ppm, 8.1 ±
18.5ppm, and 21.5 ± 86.1ppm, respectively. The maximum
of intraduodenal H2 was 828ppm and found in 74-year-old
female with O-3 stage atrophic gastritis.
4. DISCUSSION
Before the discovery of H.pylori infection in 1983 [24], many
investigators reported that an increased number of bacteria
had been found in the stomach in patients with achlorhydria
or hypochlorhydria [25].Thetypeandn umbe r so fmicr o b ial
ﬂora present in the stomach are aﬀected by gastric pH [26–
28], and a rise in intragastric pH has often been associated
with an increased number of bacteria in gastric juice [29–
31]. Atrophic gastritis is the most common cause of reduced
gastricacidsecretion.Therefore,ifatrophicgastritisisclosely
related to the gastric and intestinal bacterial overgrowth, it
is possible, we suggest, that intragastric and intraduodenal
hydrogen, reﬂecting the fermentation by bacteria in the
stomach and the duodenum, should be detected in subjects
with atrophic gastritis.
The gold standard for bacterial overgrowth, against
which intraluminal gas analysis must be compared, is gastric
and duodenal ﬂuid culture. Actually, the microbial ﬂora,
whichisdominated byViridansstreptococci,coaglasenegative
Staphylococci, Haemophilus sp., Neisseria spp., Lactobacillus
spp., Candida spp., and Aspergillus spp.[ 32, 33], has been
demonstrated. However, the study of gastrointestinal ﬂora
by direct methods is cumbersome, primary due to its
inaccessible location. In addition, the results of identiﬁcation
and quantiﬁcation of microbes in samples from the gas-
trointestinal tract are signiﬁcantly inﬂuenced by diﬃculties
in accurate tube placement, contamination during insertion,
delay between sampling and inoculation of culture media,
and inadequate anaerobic isolation techniques.
In the present study, of all 647 subjects, intragastric H2
was detected in 566 (87.5%) and ranged from 1 to 219ppm,
whereas intraduodenal H2 was done in 524 (81.0%), ranging
from 1 to 828ppm. This suggested that more than 80%
of endoscoped patients had H2-producing bacteria in the
stomach or the jejunum. Moreover, intraduodenal H2 levels
were higher in patients with stage O-3 atrophic gastritis than
inothergroups,andtherewasaprogressiveincreasewiththe
progression of atrophic gastritis. In contrast, the intragastric
H2 level was the highest in patients with gastric mucosa of
closedtypeandwassigniﬁcantlyhigherthaninthosewithO-
3 stage atrophic gastritis. These results suggest that extensive
atrophic gastritis may be more closely related to bacterial
overgrowthinthejejunum,comparedtothatinthestomach.
Fried et al. [18] reported that most of the bacteria iden-
tiﬁed from the duodenal aspirates belonged to species colo-
nizing the oral cavity and pharynx, suggesting a descending
route of colonization. Husebye et al. [33] also reported that
fasting hypochlorhydria associated with gastric colonization
of microbes belonging to the oro- and nasopharyngeal ﬂora
is highly prevalent in healthy old people. At the normal
acidic gastric pH, it has been thought that the stomach
is sterile or contains swallowed organisms [34]. Although
the pathogenesis of swallowed organisms is unknown, it is
reasonabletosupposefromtheresultsofourstudythatthese
oral bacteria should continuously enter the stomach and
produce H2 gas. Furthermore, it is likely that the inﬂuence
of hypochlorhydria on bacterial overgrowth in the proximal
small intestine is more pronounced, compared to that in the
stomach.
Few studies on intragastric and intraduodenal H2 con-
centrations have been reported, and the clinical features and
pathogenesis of intraluminal H2 gas are not clear. Bacteria
represent the sole source of gut hydrogen, and H2 gas is
produced at a rate of 4L for every 12.5g of undigested
carbohydrate [35]. H2 gas is either absorbed by diﬀusion or
consumed by bacteria to reduce carbon dioxide to methane
or acetate. The intragastric H2 concentration was considered
to reﬂect directly the intragastric fermentation and the
presence of H2-producing bacteria in the stomach. Since
the intragastric H2 level is not aﬀected by absorption or
metabolism of H2 unlike a breath H2 level, a trace of H2
shouldbedetectedinpatientswithintragastricfermentation.
In summary, unexpectedly, intragastric and intraduode-
nal H2 was detected in more than 80% of all subjects in this
study, and the intraduodenal H2 level was increased with
the progression of atrophic gastritis. Although it is unknown
whether intraluminal fermentation is related to digestive
diseases, a large amount of intragastric and intraduodenal
H2 may cause abdominal symptoms. We have to make a
further study to evaluate whether bacterial overgrowth in the
stomach or the proximal small intestine is associated with
some clinical symptoms or gastrointestinal diseases.4 Gastroenterology Research and Practice
REFERENCES
[ 1 ]J .H .B o n dJ r .a n dM .D .L e v i t t ,“ U s eo fp u l m o n a r yh y d r o g e n
(H2) measurements to quantitate carbohydrate absorption:
study of partially gastrectomized patients,” Journal of Clinical
Investigation, vol. 51, no. 5, pp. 1219–1225, 1972.
[ 2 ]H .V .L .M a ﬀe i ,G .L .M e t z ,a n dD .J .A .J e n k i n s ,“ H y d r o g e n
breath test: adaptation of a simple technique to infants and
children,” The Lancet, vol. 307, no. 7969, pp. 1110–1111, 1976.
[3] F. Casellas, L. Guarner, E. Vaquero, M. Antol´ ın, X. de Gracia,
and J.-R. Malagelada, “Hydrogen breath test with glucose in
exocrine pancreatic insuﬃciency,” Pancreas, vol. 16, no. 4, pp.
481–486, 1998.
[4] G. R. Corazza, A. Strocchi, and G. Gasbarrini, “Fasting breath
hydrogen in celiac disease,” Gastroenterology,v o l .9 3 ,n o .1 ,p p .
53–58, 1987.
[5] M. D. Levitt, P. Hirsh, C. A. Fetzer, M. Sheahan, and A. S.
Levine, “H2 excretion after ingestion of complex carbohy-
drates,” Gastroenterology, vol. 92, no. 2, pp. 383–389, 1987.
[6] M. B. Heyman, W. Lande, E. Vichinsky, and W. Mentzer,
“Elevated fasting breath hydrogen and abnormal hydrogen
breath tests in children with sickle cell disease: a preliminary
report,” American Journal of Clinical Nutrition,v o l .4 9 ,n o .4 ,
pp. 654–657, 1989.
[7] J. M. Rhodes, P. Middleton, and D. P. Jewell, “The lactulose
hydrogen breath test as a diagnostic test for small-bowel bac-
terial overgrowth,” Scandinavian Journal of Gastroenterology,
vol. 14, no. 3, pp. 333–336, 1979.
[8] L. Le Marchand, L. R. Wilkens, P. Harwood, and R. V. Cooney,
“Use of breath hydrogen and methane as markers of colonic
fermentation in epidemiologic studies: circadian patterns of
excretion,”EnvironmentalHealthPerspectives,vol.98,pp.199–
202, 1992.
[ 9 ] J .A .P e r m a n ,S .M o d l e r ,R .G .B a r r ,a n dP .R o s e n t h a l ,“ F a s t i n g
breath hydrogen concentration: normal values and clinical
application,” Gastroenterology, vol. 87, no. 6, pp. 1358–1363,
1984.
[10] M. D. Levitt and R. M. Donaldson, “Use of respiratory hydro-
gen (H2) excretion to detect carbohydrate malabsorption,”
Journal of Laboratory and Clinical Medicine,v o l .7 5 ,n o .6 ,p p .
937–945, 1970.
[11] P. R. Holt, “Clinical signiﬁcance of bacterial overgrowth in
elderly people,” Age and Ageing, vol. 21, no. 1, pp. 1–4, 1992.
[12] C. W. Howden and R. H. Hunt, “Relationship between gastric
secretion and infection,” Gut, vol. 28, no. 1, pp. 96–107, 1987.
[13] K. Villako, A. Tamm, E. Savisaar, and M. Ruttas, “Prevalence
of antral and fundic gastritis in a randomly selected group
of an Estonian rural population,” Scandinavian Journal of
Gastroenterology, vol. 11, no. 8, pp. 817–822, 1976.
[14] M. Siurala, M. Isokoski, K. Varis, and M. Kekki, “Prevalence
of gastritis in a rural population. Bioptic study of subjects
selected at random,” Scandinavian Journal of Gastroenterology,
vol. 3, no. 2, pp. 211–223, 1968.
[15] J. Kreuning, F. T. Bosman, G. Kuiper, A. M. Wal, and
J. Lindeman, “Gastric and duodenal mucosa in ‘healthy’
individuals. An endoscopic and histopathological study of 50
volunteers,”JournalofClinicalPathology,vol.31,no.1,pp.69–
77, 1978.
[ 1 6 ]B .K .S h a r m a ,I .A .S a n t a n a ,E .C .W o o d ,e ta l . ,“ I n t r a g a s t r i c
bacterial activity and nitrosation before, during, and after
treatment with omeprazole,” British Medical Journal, vol. 289,
no. 6447, pp. 717–719, 1984.
[ 1 7 ]J .R .S a l t z m a n ,K .V .K o w d l e y ,M .C .P e d r o s a ,e ta l . ,“ B a c -
terial overgrowth without clinical malabsorption in elderly
hypochlorhydric subjects,” Gastroenterology, vol. 106, no. 3,
pp. 615–623, 1994.
[18] M. Fried, H. Siegrist, R. Frei, et al., “Duodenal bacterial over-
growth during treatment in outpatients with omeprazole,”
Gut, vol. 35, no. 1, pp. 23–26, 1994.
[19] E. J. Kuipers, A. S. Pe˜ na, H. P. M. Festen, et al., “Long-term
sequelae of Helicobacter pylori gastritis,” The Lancet, vol. 345,
no. 8964, pp. 1525–1528, 1995.
[20] B. J. Marshall and J. R. Warren, “Unidentiﬁed curved bacilli in
the stomach of patients with gastritis and peptic ulceration,”
The Lancet, vol. 323, no. 8390, pp. 1311–1315, 1984.
[21] E. A. Rauws, W. Langenberg, H. J. Houthoﬀ,H .C .Z a n e n ,
a n dG .N .T y t g a t ,“ Campylobacter pyloridis-associated chronic
active antral gastritis. A prospective study of its prevalence
and the eﬀects of antibacterial and antiulcer treatment,”
Gastroenterology, vol. 94, no. 1, pp. 33–40, 1988.
[22] S. Niemel¨ a, T. Karttunen, and T. Kerola, “Helicobacter pylori-
associated gastritis. Evolution of histologic changes over 10
years,” Scandinavian Journal of Gastroenterology, vol. 30, no.
6, pp. 542–549, 1995.
[23] K. Kimura and T. Takemoto, “An endoscopic recognition of
the atrophic border and its signﬁcance in chronic gastritis,”
Endoscopy, vol. 3, pp. 87–97, 1969.
[24] J.R.WarrenandB.J.Marshall,“Unidentiﬁedcurvedbacillion
gastric epithelium in active chronic gastritis,” The Lancet, vol.
321, no. 8336, pp. 1273–1275, 1983.
[25] L.P.Garrod,“Astudyofthebactericidalpowerofhydrochloric
acidandofgastricjuice,”SaintBartholomew’sHospitalReports,
vol. 72, pp. 145–167, 1939.
[26] J. D. Gray and M. Shiner, “Inﬂuence of gastric pH on gastric
and jejunal ﬂora,” Gut, vol. 8, no. 6, pp. 574–581, 1967.
[27] B. S. Drasar, M. Shiner, and G. M. McLeod, “Studies on the
intestinal ﬂora—I: the bacterial ﬂora of the gastrointestinal
tract in healthy and achlorhydric persons,” Gastroenterology,
vol. 56, no. 1, pp. 71–79, 1969.
[28] R. H. Gilman, R. Partanen, K. H. Brown, et al., “Decreased
gastric acid secretion and bacterial colonization of the
stomach in severely malnourished Bangladeshi children,”
Gastroenterology, vol. 94, no. 6, pp. 1308–1314, 1988.
[29] R. A. Giannella, S. A. Broitman, and N. Zamcheck, “Gastric
acid barrier to ingested microorganisms in man: studies in
vivo and in vitro,” Gut, vol. 13, no. 4, pp. 251–256, 1972.
[ 3 0 ]W .S .J .R u d d e l l ,E .S .B o n e ,M .J .H i l l ,a n dC .L .W a l t e r s ,
“Pathogenesis of gastric cancer in pernicious anaemia,” The
Lancet, vol. 311, no. 8063, pp. 521–523, 1978.
[31] P. I. Reed, K. Haines, P. L. R. Smith, F. R. House, and
C. L. Walters, “Gastric juice N-nitrosamines in health and
gastroduodenal disease,” The Lancet, vol. 318, no. 8246, pp.
550–552, 1981.
[ 3 2 ] R .S n e p a r ,G .A .P o p o ra d ,J .M .R o m a n o ,W .D .K o b a s a ,a n dD .
Kaye, “Eﬀect of cimetidine and antacid on gastric microbial
ﬂora,” Infection and Immunity, vol. 36, no. 2, pp. 518–524,
1982.
[33] E. Husebye, V. Skar, T. Hoverstad, and K. Melby, “Fasting
hypochlorhydria with gram positive gastric ﬂora is highly
prevalentinhealthyoldpeople,”Gut,vol.33,no.10,pp.1331–
1337, 1992.
[34] M.Hill,“Normalandpathologicalmicrobialﬂoraoftheupper
gastrointestinal tract,” Scandinavian Journal of Gastroenterol-
ogy, vol. 20, supplement 111, pp. 1–5, 1985.
[35] A. Strocchi and M. D. Levitt, “Intestinal gas,” in Sleisenger &
Fordtran’s Gastrointestinal and Liver Disease,M .F e l d m a n ,B .F .
Scharschmidt, and M. H. Sleisenger, Eds., vol. 1, p. 155, WB
Saunders, Philadelphia, Pa, USA, 6th edition, 1998.